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Abstract. The aim of the paper is to analyse peculiarities of building an 
environmental tax systems, examining the level of their convergent 
(divergent) relationships. Main contribution of the paper lies in testing of the 
hypothesis of existing convergence processes in architecture of 
environmental tax systems of European countries (as the United Kingdom, 
Germany, Poland, Slovenia, Latvia, Lithuania and the Czech Republic) on 
the basis of panel data analysis for the set of European countries using the 
regression model in Stata 12/SE and MS Excel. Testing the hypothesis about 
the existence of convergence in construction of environmental tax system of 
the above mentioned European countries was realized on the base of analysis 
of coefficients of panel data regression analysis (both fixed effects and 
random effects models) – for beta convergence and variation coefficient – 
for sigma convergence. Such parameters as environmental tax revenue (for 
air pollution) to general tax revenues ratio, %; environmental tax revenue 
(for water pollution) to general tax revenues ratio, %; environmental tax 
revenue (for waste management) to general tax revenues ratio, % were 
chosen as measures of environmental tax system characteristics. Empirical 
research results confirmed hypothesis of the presence of β-convergence and 
σ-convergence in the context environmental tax systems of chosen 
countries. 
1 Introduction 
The development of world economic relations over the last few decades has been 
accompanied by a radical transformation of business conditions. Thus, in particular, the 
strengthening of integration processes and liberalization of commodity and financial markets 
have led to emergence both positive changes (intensification of cross-border trade, 
supranational cooperation in the fight against global threats, rapid development of spheres 
and branches of national economy) and negative consequences (exacerbation of global 
problems, especially of environmental ones; increasing the scale and dynamics of crisis 
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processes and their rapid transmission; increasing competition in various traditional and non-
traditional sectors, etc.). 
It is worth noting that one of the most threatening challenges facing the global community 
at the present stage of development is the mitigation of the effects of anthropogenic impact 
on the ecosystem, since the absence of deliberate and coordinated action in this direction can 
have irreversible and catastrophic effects in the immediate future. Thus, the solution of 
environmental problems at the supranational and national levels is possible with the use of 
instruments of state regulation of stimulating economy (implementation of diversified 
preferences for economic entities for the purpose of ensuring environmentally responsible 
behaviour) and restraining instruments (application of fiscal mechanisms to those economic 
agents, which have a destructive effect on the environment).  
In general terms, the theory of economic convergence is to approximate the development 
of countries by certain criteria and to acquire common features. The essence of tax 
convergence is the alignment of indicators that reflect the conditions of taxation (tax rates, 
tax burden, structure of tax systems, etc.). It should be noted that at the present stage of 
development tax convergence processes are closely linked to the tax harmonization strategy, 
which is being implemented most rapidly in the countries of the European continent [1]. 
Convergence in the EU and in the Euro area is a necessity: the European growth strategy 
cannot be blind to sustained regional growth differences. An EU in which economic growth 
does not spread through all of its major regions will be politically challenged. The paradox 
is that many of the policy instruments to address this problem remain in the hands of national 
policymakers, even though the way they use them has significant implications for the rest of 
the EU. The EU supports convergence through its budget and technical support but the 
fundamentals of this paradox remain. In the Euro area, further measures are needed to address 
some of the systemic causes of divergence. In particular, it is imperative to complete banking 
union and for capital markets to become more integrated, since a well-functioning financial 
system is fundamental for growth. A Euro-area safe asset would bring benefits but is difficult 
to establish. EU fiscal rules need to be reformed to improve the macroeconomic management 
of the euro area. A euro-area budget and more responsive national fiscal policies are 
important tools to better respond to cyclical downturns [2]. Finally, the relationship between 
the Euro area and non-Euro area countries needs to be addressed.  
Thus, the aim of the paper is to analyse peculiarities and the different countries’ patterns 
of building an environmental tax system, examining the level of their convergent (divergent) 
relationships. Main contribution of the paper lies in testing of the hypothesis of existing 
convergence processes in architecture of environmental tax systems of European countries 
on the basis of panel data analysis for the set of European countries using the regression 
model in Stata 12/SE and MS Excel.  
2 Literature review 
Thus, in previous studies [3] it was analyzed how the implementation of the Millennium 
Development Goals affects environmental sustainability in Ukraine and abroad, but in 
September, 2015 17 global goals for sustainable development were adopted at the United 
Nations General Assembly (Sustainable Development Goals by 2030). These goals cover 
various projections, in particular, poverty reduction, quality education, struggling with 
gender discrimination, addressing a number of environmental problems. 
Therefore, paying huge attention to the environmental problems both at national and 
supranational levels allows supporting the idea about dramatically importance of regulation 
of this sphere via institutional, social, economic and especially fiscal instruments. Formation 
of environmentally responsible behaviour at corporate and personal levels contributes to 
solving environmental problems.  
 
Thus, scientists [4]-[11] argued that institutional preconditions play crucial role in 
expansion of environmental responsibility at corporate and personal levels (household and 
business environmental performance is a result of regulatory requirements fulfilment).  
While other group of scientists [12]-[22] highlighted that business involvement in 
environmental problems solving mostly dependent on microeconomic issues and market 
conditions (financial capacity of company, business brand, competition and cooperation 
circumstances, investment attractiveness, managerial priorities etc.). 
In turn, some researchers [23]-[32] stand at a point that further expansion of 
environmental responsibility is triggered by primary environmental prerequisites (for 
instance, expansion of renewable electricity outputs leads to intensification of economic 
growth that in turn allows business to finance more environmental initiatives; or expansion 
of green investments helps to increase business performance and in turn realize more large-
scale investment projects, etc.) 
Moreover, other scientists [33]-[47] realize that environmental responsibility might be 
implemented only in more or less favourable socio-economic conditions (priority on 
environmental issues at national, regional and local levels becomes possible only after 
achieving basic targets of social and economic KPIs).  
It should be noted that among the variety of economic instruments of environmental 
problems elimination fiscal instruments are the most effective ones. Namely, fiscal stimulus 
tools (tax incentives, etc.) and tax restraints (increasing rates and expanding the tax base of 
environmental taxes) can be used to solve these problems. An analysis of world experience 
has shown that, traditionally, the environmental tax system consists of such elements as 
energy taxes; taxes on greenhouse gas emissions; transport taxes; taxes on environmental 
pollution; resource taxes (for the use of natural resources).  
There are some scientists [48]-[51] focused on researching the existence of convergent 
processes in the international tax environment. Namely, tax competition and convergence 
appear while reforming tax systems in order to attract taxpayers and investments to create 
additional working places and to stimulate economic growth [52]. 
Studies of the foreign capital taxation carried out in the 60s of the twentieth century by 
Kemp [53] and MacDougall [54] enabled to find out about tax system efficiency increases in 
case of non-resident capital taxation by the location of the investor as opposed to tax 
collection on the principle of the income source. In that period, there were first attempts to 
define an optimal level of foreign capital income taxation. The regional tax competition 
theory, formalized by Zodrow and Mieszkowski [55], based on Tiebout’s basic model of the 
tax competition, enabled to demonstrate the capital mobility impact on tax rates level, which 
are set on the capital income, expressed by the inverse dependence. 
At the present time tax competition and convergence is an important factor to make 
investment decisions at the international level, which taking into account production 
integration and mobility factors level increase, determines entrepreneurship activity at the 
countries’ level given the difference of national and abroad taxation terms. Nowadays tax 
factors are not only components, which provide the financial efficiency of companies, but 
also define corporate social and environmental responsibility tendencies [56].  
It should be noted that there are lack of researches aimed at assessing convergence trends 
in taxation. In particular, the study of tax convergence in the countries of the European Union, 
conducted by Delgado [1] for the period 1965-2010, which included the calculation of the 
fiscal distance between indices of individual countries and the average for EU-15 level by 
indicators of total tax burden and burden by individual groups of taxes. The results of the 
calculations confirmed the convergence of the overall level of tax burden in the European 
Union. Sigma convergence estimation showed that the rate of convergence of the general 
level of taxation is 0.73% per year; the level of tax burden on income and profit – 0.46%; tax 
burden on goods and services – 0.82%; the social contributions burden is 0.73%. The beta 
 
convergence assessment confirmed its existence for total tax burden, tax burden on income 
and profits, and goods and services (annual convergence rate is 2.06%; 2.11%; 2.94% 
respectively), whereas the results obtained for the level of social security contributions were 
not statistically significant. Taking into account the results obtained previously by the author, 
it might be noted that the countries of the European Union are characterized by a permanent 
convergence of the level and structure of tax revenues, which is most clearly observed in the 
period 1965-2003.  
While there are some researches concerning convergent processes in taxation in general, 
but there is lack of it aimed at assessment of convergence in environmental taxation. Thus, it 
becomes an urgent task to focus on clarification of environmental tax convergence in 
European countries. It also becomes necessary to research this issue because of euro 
integration vector of Ukraine. 
3 Methodology  
In order to realize the above-mentioned task we tested the hypothesis about the existence of 
sigma convergence and beta convergence by using variation coefficient (1) and coefficient 
of panel data regression model (2). Technically, it was realized with Stata 12/SE and MS 
Excel.  
The formula for estimating the level of sigma convergence using the coefficient of 
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It should be noted that the value of the coefficient of variation of less than 33% confirms 
the thesis of sampling homogeneity and, accordingly, the presence of convergent processes. 
In turn, β-convergence reflects the dynamics of fiscal gaps in selected indicators of the 
development of tax systems in the world. A classic one beta convergence estimation 
technique developed by R. Barro and X. Sala-i-Martin [57] based on the Solow model. 
According to this approach, the presence of convergence illustrates the negative value of the 
regression coefficient constructed by the formula: 





















y ,  – level of the indicator in і country (і= n,1 ) in basic period (t= 1,1 T ); 
1, tiy  – level of the indicator in і country (і= n,1 ) in current period (t= T,2 ); 
  – coefficient that illustrates  -convergence (if  <0); 
ti,  – error term. 
 
However, it is fair to point out that despite the existence of some expertise by scientists 
on the formalization of convergent relationships in terms of the overall level of tax burden, 
consumption, labour and capital taxes, the environmental taxation segment is under-
researched. In this regard, it is proposed to analyse the existence of beta and sigma 
convergence in selected European countries by individual groups of environmental tax 
 
indicators. Research is based on data collected for 7 European countries such as the United 
Kingdom, Germany, Poland, Slovenia, Latvia, Lithuania and the Czech Republic. Time 
horizon of the research is 2004-2017. All data collected from the Eurostat [58].  
The set of variables estimated in the research consists of:  
– environmental tax revenue (for air pollution) to general tax revenues ratio, %;  
– environmental tax revenue (for water pollution) to general tax revenues ratio, %;  
– environmental tax revenue (for waste management) to general tax revenues ratio, %. 
Research consists of a few stages: 1) testing the hypothesis on existence of sigma 
convergence between countries; 2) testing the hypothesis on existence of beta convergence 
using both random effects and fixed effects models (takes into account influence of country 
specific features on variation of dependent variable). The first stages of the research was 
realized with the MS Excel tool and the second – with panel data regression analysis of Stata 
12/SE. 
4 Results  
General information on the set of variables for the chosen European countries over the 
period 2004-2017 is presented in table 1. 
Table 1. Descriptive statistics for the set of variables. 
Variable Obs Mean Std.Dev. Min Max 
X1 105 7.52 1.703 4.46 12.02 
X2 105 7.574 1.636 4.46 12.02 
X3 105 7.612 1.541 5.28 12.02 
Note: X1 – environmental tax revenue (for air pollution) to general tax revenues ratio, %; X2 –
environmental tax revenue (for water pollution) to general tax revenues ratio, %; X3 – environmental 
tax revenue (for waste management) to general tax revenues ratio, %. 
Therefore, the results of testing the hypothesis of the existence of sigma convergence 
among selected European countries are presented in Figure 1. 
 
Fig. 1. Results of evaluation of σ-convergence process in environmental taxation systems in European 
countries in 2004–2017. 
According to Figure 1, we can conclude that the σ-convergence exists in the 


































































environmental tax revenue (for air pollution) to general tax
revenues ratio, %
environmental tax revenue (for water pollution) to general tax
revenues ratio, %
environmental tax revenue (for waste management) to general
tax revenues ratio, %
 
of harmonization of environmental tax trends during 2003-2008, the tendency to increase of 
the variation of the analyzed parameters is activated in the post-crisis period, especially in 
terms of environmental taxes, regulating air and water pollution, while in terms of taxes for 
waste management it is observed somewhat lower level of intensive of divergent processes 
in the period 2012-2017. 
The results of the practical testing of beta convergence are presented in Table 2. 
The results presented in the table testify to the existence of β- convergence over all three 
vectors of the environmental tax system, which is confirmed by statistically significant 
negative coefficients of the fixed effects regression models (at 99% confidence interval). 
 
Table 2. Results of evaluation of β- convergence processes in the environmental tax systems of 
European countries in 2004-2017. 







p> | t | 
Prob > 
chi2 
Environmental tax revenue (for air pollution) to general tax 
revenues ratio. % 
Model with 
random effects 
0.003 0.032 0.915 0.9146 
Fixed effects 
model 
-0.224 0.056 0.000 0.0001 
Environmental tax revenue (for water pollution) to general tax 
revenues ratio. % 
Model with 
random effects 
-0.003 0.036 0.939 0.9385 
Fixed effects 
model 
-0.179 0.056 0.002 0.0019 
Environmental tax revenue (for waste management) to general 
tax revenues ratio. % 
Model with 
random effects 
-0.053 0.042 0.204 02044 
Fixed effects 
model 
-0.291 0.064 0.000 0.0000 
 
At the same time, the significance of the results using only the specification of the model 
with fixed, not random effects allows to state the need to take into account the specific 
economic and social development of a particular country in the context of convergence of 
qualitative characteristics of environmental taxation systems, i.e. despite the presence of 
strong convergent relationships, harmonization of the construction of environmental tax 
systems in the selected countries needed to be significantly personalized. 
5 Conclusions   
The formation of environmentally responsible behaviour at corporate and personal levels 
contributes to solving environmental problems. In general, to solve the problems there can 
be used as a stimulant fiscal instruments (tax benefits etc.) as well as constraints tax 
mechanisms (increase in rates and broadening the tax base of environmental taxes). Analysis 
of world experience has shown that traditionally, the environmental tax system includes such 
elements as energy taxes; taxes on greenhouse gas emission; transport taxes; taxes on 
 
environmental pollution; resource taxes (for the use of natural resources). Comparison of the 
architecture of the environmental tax system in Ukraine and 7 European countries showed 
the need for further harmonization in this area (especially with regard to the increase of 
individual tax rates), but at the same time revealed a lack of fiscal stimulus mechanisms in 
Ukraine (promising is the implementation of tax holidays for environmental taxpayers taxes, 
temporary exemption from taxation of certain transactions, exclusion from the taxation of 
certain objects, etc.). 
According to the results of testing the hypothesis of the presence of β-convergence and 
σ-convergence in the context of the parameters of the characteristics of environmental tax 
systems (environmental tax revenue (for air pollution) to general tax revenues ratio, %; 
environmental tax revenue (for water pollution) to general tax revenues ratio, %; 
environmental tax revenue (for waste management) to general tax revenues ratio, %) of 
European countries (United Kingdom, Germany, Poland, Slovenia, Latvia, Lithuania and the 
Czech Republic ), the presence of both types of convergence was generally confirmed in 
2004-2017. However, in the context of the characterization of the σ-convergence level, some 
activation of divergent processes can be noted since 2008, whereas the presence of the β-
convergence phenomenon is confirmed throughout the time horizon of the analysis using a 
fixed effects regression model. Thus, it can be noted that, despite strong convergence, the 
harmonization of environmental taxation systems in European countries should be 
significantly personalized. 
 
The survey was supported by the Ministry of Education and Science of Ukraine and performed the 
results of the project “Structural-functional multiplex model of ecological tax system building in 
Ukraine in the context of national security” (registration number 0119U100759).  
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